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OPTICAL VARIABLE ATTENUATOR ASSEMBLY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to the field of optical attenuators, 
and more particularly to variable optical attenuators featuring fine adjustment of 
attenuation. 

2. The Related Arts 

[0002] Optical attenuators are widely used to control the intensity of optical 
signals transmitted in an optical network. Optical attenuators are classified as fixed 
attenuators or variable attenuators. A fixed attenuator provides a fixed attenuation 
of optical signals, while a variable attenuator allows adjustment of the attenuation 
of the optical signals. A variety of variable attenuators are available, among which 
the most commonly used operate by separating ends of coaxially aligned optical 
fibers to form a gap therebetween. The amount of attenuation achieved by this kind 
of attenuators is, in general, dependent upon the distance between ends of the two 
optical fibers. Thus, the attenuation can be controlled by axially displacing one 
fiber relative to the other to change the distance between the fibers. 

[0003] One design for axially displacing optical fibers uses plug-type 
connectors carrying a first fiber and a second fiber and mating with a coupling 
device. Attenuation is performed by axially displacing the first fiber relative to the 
second fiber. An example is shown in US Patent No. 5,734,778 wherein a screw 
mechanism is attached to a ferrule carrying the first optical fiber. The screw 
mechanism converts the turning of a nut into a linear displacement of the ferrule. 
This device, however, can not be finely adjusted. The amount of linear 
displacement is, in general, dependent upon the screw pitch. Theoretically, a 


l 


decrease in screw pitch will lead to finer adjustment. However, physical limitations 
prevent the screw pitch from being decreased beyond certain limits. 

[0004] It is thus desirable to provide a variable optical attenuator wherein an 
attenuation can be more finely adjusted, thereby overcoming the above mentioned 
problem. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, an object of the present invention is to provide a variable 
attenuating connector providing finer attenuation adjustment. 

[0006] Another object of the present invention is to provide a variable 
attenuating connector employing a double screw mechanism providing finer 
attenuation adjustment . 

[0007] A further object of the present invention is to provide a plug-type 
variable attenuating connector providing finer attenuation adjustment. 

[0008] To achieve the above objects, a variable attenuating connector (VAC) in 
accordance with the present invention is embodied in the form of a plug-type 
optical connector carrying a first fiber. This VAC is part of a variable attenuator 
assembly, which also includes a coupling sleeve and a second plug-type connector 
with a second fiber. B oth plug-type connectors are connected to the coupling 
sleeve so that the first and second fibers are held in coaxial alignment. Attenuation 
of optical signals traveling between the first and second fibers is achieved by 
varying a distance separating ends of the fibers from each other. 

[0009] The VAC comprises a stationary housing defining a longitudinally 
extending housing bore. A double screw mechanism is attached to a rear end of the 
housing. The double screw mechanism includes an elongate, tube-shaped ferrule 


holder accommodating the first fiber in its central bore and forming a first threaded 
section on its outer surface. The ferrule holder seats a ferrule in its forward end, the 
first fiber being firmly held in the ferrule. A tubular adjusting knob forms an inner 
threaded section of a first screw pitch on its internal surface and an outer threaded 
section of a second screw pitch on its external surface. The first and second 
screw pitches are different. A connecting nut of the double screw mechanism is 
held stationary relative to the stationary housing and has a second threaded section 
formed on the surface of an inner bore. The adjusting knob is threaded onto the 
ferrule holder, the first threaded section of the ferrule holder threadedly engaging 
with the inner threaded section of the adjusting knob. The adjusting knob is also 
partially screwed into the connecting nut, the second threaded section of the 
connecting nut threadedly engaging with the outer threaded section of the adjusting 
ij knob. The ferrule holder is thus attached to the stationary housing with the ferrule 
ft holder extending through the housing bore and the ferrule extending a short 
M distance forward of the stationary housing. When the adjusting knob is rotated, the 

?! 

Q ferrule holder moves relative to the knob in a first direction a first distance 

|i corresponding to the first screw pitch, and the knob moves relative to the stationary 

III 

g housing in a second direction opposite to the first direction a second distance 

m 

corresponding to the second screw pitch. The linear displacement of the ferrule 
holder (and the first fiber) relative to the stationary housing is the difference 
between the first distance and the second distance. 

[0010] Other objects, advantages and novel features of the invention will 
become more apparent from the following detailed description when taken in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


[0011] Figure 1 is a perspective view of a variable attenuator assembly 
constructed in accordance with the present invention, showing a variable 
attenuating connector unmated with a coupling sleeve; 

[0012] Figure 2 is an exploded view of the variable attenuating connector of 
Figure 1; 

[0013] Figure 3 is an assembled view of the variable attenuating connector of 
Figure 2, without an external housing, a deformable tube, a protective shield, or a 
strain relief; 

[0014] Figure 4 is a cross-sectional view taken along line 4-4 of Figure 3; 

[0015] Figure 5 is a cross-sectional view taken along line 5-5 of Figure 4; 

[0016] Figure 6 is a cross-sectional view of an adjusting knob of the variable 
attenuating connector of Figure 2; and 

[0017] Figure 7 is an assembled, partial, cross-sectional view of the variable 
attenuator assembly of Figure 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0018] With reference to the drawings, and in particular to Figures 1 and 7, an 
optical variable attenuator assembly constructed in accordance with the present 
invention, generally designated with reference numeral 1, comprises a variable 
attenuating connector (VAC) 11, a coupling sleeve 12 and a second plug-type 
optical connector 13. The VAC 11 is embodied in the form of a first plug-type 
optical connector carrying a first optical fiber (not shown). The VAC 1 1 is designed 
to mate with the coupling sleeve 12, which also mates with the second plug-type 
optical connector 13 carrying a second optical fiber (not shown) whereby the first 


and second optical fibers are coaxially aligned with each other for transmission of 
optical signals. Ends of the first and second optical fibers, opposed to each other, 
can be separated from each other a distance (S) (reference Fig. 7), adjustable by 
mechanisms of the VAC 1 1 . 

[0019] Referring to Figures 2, 3 and 4, the VAC 11 of the present invention 
comprises a ferrule 50, an external housing 10, an internal housing 20, an U-clip 
101, a helical spring 2, a protective sheath 3, a deformable tube 90, a strain relief 
100 and a double screw mechanism 110 (see Fig. 3). The internal housing 20 has a 
front end (not labeled) to which the external housing 10 is connected and a rear end 
(not labeled) to which the double screw mechanism 110 is connected. The internal 

M> housing 20 defines a central bore 206 extending along its longitudinal axis, two 

CI 

Q holding beams 201, 202 extending from the rear end, a stopping slot 203 in the 

y§ center accommodating the U-clip 101 and two key ways 204 parallel to the 

m 

f|f longitudinal axis. 

fs.4 

* [0020] The double screw mechanism 110 comprises a mounting screw 25, a 
Mf connecting nut 30, a ferrule holder 60, an adjusting knob 40 and a C-clip 80. The 
W mounting screw 25 defines a central bore 254, two opposite externally-threaded 
111 sections 253 at the circumference and two opposite grooves 25 1, 252 between the 
two externally-threaded sections 253. 

[0021] The connecting nut 30 defines an internally-threaded bore 303 and two 
opposite grooves 301, 302 at the circumference similar to the grooves 251, 252. 
Please note that in Figure 4, the internally-threaded bore 303 (not labeled in Figure 
4) shows up as a solid, dark mass. This is because the threading is shown on its 
actual scale, but the lines used in the drawing were not fine enough to resolve the 
individual threads and instead ran together. 
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[0022] As shown in Figure 6, the adjusting knob 40 is tubular in shape having a 
bore (not labeled) along its longitudinal axis and a circumferential rib 403. Internal 
threads 402 are formed on an internal surface of the bore (not labeled) and external 
threads 401 are formed on an external surface between the circumferential rib 403 
and a forward end (not labeled) of the adjusting knob 40. The internal threads 402 
have a first screw pitch and the external threads 401 have a second screw pitch, the 
two screw pitches being different. 

[0023] The ferrule holder 60 defines a central bore 607 for receiving the first 
optical fiber, two stoppers 601 on an enlarged front end (not labeled), an 
externally-threaded section 602 in a center of an external surface and a 
circumferential slot 603 in a rear end (not labeled) for receiving and retaining the 
C-clip 80. 

[0024] Referring to Figures 2, 3 and 5, in assembly, the helical spring 2 slides 
over the ferrule holder 60 and is pushed forward to the front end of the ferrule 
holder 60. The mounting screw 25, the connecting nut 30 and the adjusting knob 
40 in turn receive the ferrule holder 60 with the externally-threaded section 602 
threadedly engaging with the internal threads 402 of the knob 40, and with the 
knob 40 being partially received in the connecting nut 30 with the external threads 
401 of the knob 40 threadedly engaging with the internally-threaded bore 303 of 
the connecting nut 30. The C-clip 80 is received in the circumferential slot 603 of 
the ferrule holder 60 for limiting the rearward movement of the adjusting knob 40. 
The ferrule holder 60 is inserted into the central bore 206 of the internal housing 20, 
with the front end thereof located in the internal housing 20 and the stoppers 601 
engaging with the keyways 204 of the internal housing 20 to prevent the ferrule 
holder 60 from rotating relative to the internal housing 20. The mounting screw 25 
and the connecting nut 30 are fixed on the rear end of the internal housing 20 by 


the four grooves 251, 252, 301, 302 engaging with the two holding beams 201, 202 
of the internal housing 20. The U-clip 101 is inserted into the stopping slot 203 and 
is fitted around the ferrule holder 60 with the helical spring 2 disposed between the 
enlarged front end (not labeled) of the ferrule holder 60 and the U-clip 101. The 
protective sheath 3 is preferably attached to the rear end of the internal housing 20 
by engaging with the externally-threaded sections 253 of the mounting screw 25 
for shielding and preventing the double screw mechanism 110 from being 
accidentally actuated. The external housing 10 slides over the front end of the 
internal housing 20. The ferrule 50 is accommodated in a recess (not shown) 
defined in the enlarged front end of the ferrule holder 60. The ferrule 50 partially 

. , extends beyond the external housing 10 for insertion into the coupling sleeve 12 

*3 during mating. 

g;| [0025] When being assembled to the first optical fiber (not shown), the fiber is 
fy inserted sequentially through the strain relief 100, the deformable tube 90, and 
„ through the central bore 607 of the ferrule holder 60. A front end of the fiber is 
y inserted through the ferrule 50. The ferrule 50 is then seated in the recess (not 
i ^ shown) of the enlarged front end of the ferrule holder 60. The deformable tube 90 
and the strain relief 100 are attached to the rear end of the ferrule holder 60. The 
deformable tube 90 can be crimped around the rear end of the ferrule holder 60 and 
the first optical fiber (not shown). The deformable tube 90 is received in the strain 
relief 100 for fixation and protection of the first optical fiber. 

[0026] In use, the ferrule holder 60 moves forward and rearward along its 
longitudinal axis with respect to the adjusting knob 40 when the adjusting knob 40 
is rotated. The external threads 401 and the internal threads 402 of the adjusting 
knob 40 are arranged in such a way that when the knob 40 makes a turn, the holder 
60 is linearly moved with respect to the knob 40 in a predetermined first direction a 
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distance corresponding to the pitch of the internal threads 402, while the knob 40 is 
linearly moved with respect to the connecting nut 30 in an opposite second 
direction a distance corresponding to the pitch of the external threads 401. Thus, a 
total displacement of the holder 60 and thus the first optical fiber carried therein is 
equal to the pitch of the internal threads 402 minus the pitch of the external threads 
401. Taking 0.25mm and 0.35mm as examples of the pitches of the external 
threads and internal threads, the displacement induced on the holder 60 is 
0.3 5mm-0.25mm=0. 10mm when the knob 40 makes a full turn. This gives a finer 
resolution in adjusting the distance (S) between the first and second optical fibers 
(reference Fig. 7) and thus improves upon a variable optical attenuator of the prior 
art. 

[0027] The second plug-type optical connector 13 need not have a double 
screw mechanism 110 or other adjusting mechanism for the optical variable 
attenuator assembly 1 to be fully functional. Normally, the second plug-type 
optical connector 13 of Figure 1 will have a second optical fiber (not shown) 
stationary with respect to the second plug-type optical connector 13. Please also 
note that other plug-receptacle combinations and configurations are meant to be 
encompassed by the present invention. For instance, the coupling sleeve 12 and 
second plug-type optical connector 13 could be replaced by a receptacle connector. 

[0028] It is to be understood, however, that even though numerous 
characteristics and advantages of the present invention have been set forth in the 
foregoing description, together with details of the structure and function of the 
invention, the disclosure is illustrative only, and changes may be made in detail, 
especially in matters of shape, size, and arrangement of parts within the principles 
of the invention to the full extent indicated by the broad general meaning of the 
terms in which the appended claims are expressed. 
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CLAIMS 


We claim: 

1. A variable attenuator assembly for attenuating optical signals transmitted 
between a first and a second optical fibers, comprising: 

a plug-type connector terminating the second optical fiber; 

a coupling sleeve open at two opposite ends; and 

a variable attenuating connector (VAC) terminating the first optical fiber, 
comprising: 

a stationary housing defining a longitudinally extending bore 
and having a rear end; 

a connecting member attached to the rear end of the stationary 
housing and defining an internally-threaded bore; 

a tubular knob having an external threads of a first screw pitch 
and an internal threads of a second screw pitch, the first 
and second screw pitches being different, the tubular knob 
being partially received in the connecting member with 
the external threads of the knob mating with the 
internally-threaded bore of the connecting member; and 

a ferrule holder defining a central bore adapted to receive and 
retain an optical fiber therein, the holder being received in 
the tubular knob and the stationary housing and having 
external threads mating with the internal threads of the 
knob; 
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wherein rotating the knob induces a first linear displacement of the knob 
with respect to the connecting member and the stationary housing 
and a second linear displacement of the holder with respect to the 
knob, the first linear displacement being dependent upon the first 
screw pitch and the second linear displacement being dependent 
upon the second screw pitch, whereby the optical fiber is moved 
with the holder an overall displacement corresponding to the sum 
of the first and second linear displacements. 

The variable attenuator assembly as claimed in Claim 1, wherein the variable 
attenuating connector further comprises a mounting member attached to the 
rear end of the stationary housing and defining an external-threaded section 
and a bore. 

The variable attenuator assembly as claimed in Claim 1, wherein the internal 
threads and the external threads of the knob are arranged such that the first 
and second displacements are in opposite directions whereby the overall 
displacement of the optical fiber relative to the stationary housing is the 
difference between absolute values of the first and second displacements. 

The variable attenuator assembly as claimed in Claim 1, further comprising an 
external housing mounted to a front end of the stationary housing for securing 
the variable attenuating connector to the coupling sleeve. 

The variable attenuator assembly as claimed in Claim 1, further comprising a 
biasing element arranged between the stationary housing and the holder for 
biasing the holder. 
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6. The variable attenuator assembly as claimed in Claim 5, wherein the biasing 
element comprises a helical spring disposed between a front end of the ferrule 
holder and a U-clip inside the housing. 

7. The variable attenuator assembly as claimed in Claim 1, wherein the 
connecting member forms two grooves which engage with two holding beams 
formed at the rear end of the housing. 

8. The variable attenuator assembly as claimed in Claim 1, wherein the ferrule 
holder has an enlarged front end forming a receptacle which receives and 
retains a ferrule to which the optical fiber is attached. 

9. The variable attenuator assembly as claimed in Claim 1, wherein the ferrule 
holder forms radially protruding stoppers engaging keyways defined in the 
sides of the stationary housing for preventing rotation of the holder relative to 
the housing. 

10. A variable attenuating connector (VAC) terminating a first optical fiber, 
comprising: 

a stationary housing defining a longitudinally extending bore 
and having a rear end; 

a connecting member attached to the rear end of the stationary 
housing and defining an internally-threaded bore; 

a tubular knob having an external threads of a first screw pitch 
and an internal threads of a second screw pitch, the first 
and second screw pitches being different, the tubular knob 
being partially received in the connecting member with 
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the external threads of the knob mating with the 
internally-threaded bore of the connecting member; and 

a ferrule holder defining a central bore adapted to receive and 
retain the first optical fiber therein, the holder being 
received in the tubular knob and the stationary housing 
and having external threads mating with the internal 
threads of the knob; 

wherein rotating the knob induces a first linear displacement of the knob 
with respect to the connecting member and the stationary housing 
and a second linear displacement of the holder with respect to the 
knob, the first linear displacement being dependent upon the first 
screw pitch and the second linear displacement being dependent 
upon the second screw pitch, whereby the optical fiber is moved 
with the holder an overall displacement corresponding to the sum 
of the first and second linear displacements. 

The variable attenuating connector as claimed in Claim 10, wherein the 
variable attenuating connector further comprises a mounting member attached 
to the rear end of the stationary housing and defining an external-threaded 
section and a bore. 

The variable attenuating connector as claimed in Claim 10, wherein the 
internal threads and the external threads of the knob are arranged such that the 
first and second displacements are in opposite directions whereby the overall 
displacement of the optical fiber relative to the stationary housing is the 
difference between absolute values of the first and second displacements. 
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13. The variable attenuating connector as claimed in Claim 10, further 
comprising an external housing mounted to a front end of the stationary 
housing for securing the variable attenuating connector to a coupling sleeve. 

14. The variable attenuating connector as claimed in Claim 10, further comprising 
a biasing element arranged between the stationary housing and the holder for 
biasing the holder. 

15. The variable attenuating connector as claimed in Claim 14, wherein the 
biasing element comprises a helical spring disposed between a front 
end of the ferrule holder and a U-clip inside the housing. 

16. The variable attenuating connector as claimed in Claim 10, wherein the 
connecting member forms two grooves which engage with two holding 
beams formed at the rear end of the housing. 

17. The variable attenuating connector as claimed in Claim 10, wherein the 
ferrule holder has an enlarged front end forming a receptacle which 
receives and retains a ferrule to which the optical fiber is attached. 

18. The variable attenuating connector as claimed in Claim 10, wherein 
the ferrule holder forms radially protruding stoppers engaging 
keyways defined in the sides of the stationary housing for preventing 
rotation of the holder relative to the housing. 

19. A variable attenuator assembly for attenuating optical signals 
transmitted between first and second optical fibers, comprising: 

a coupling sleeve open at opposite first and second ends; 

a plug-type connector with the second optical fiber, being inserted into 
the coupling sleeve through said second end; 
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a variable attenuating connector with the first optical fiber, being 
inserted into the coupling sleeve through said first end, 

said variable attenuating connector comprising: 

a stationary housing retained in the coupling sleeve; 

a stationary connection member located around a rear portion of the 
stationary housing and providing an internally threaded bore therein; 

a rotatable tubular knob defining external threads with first screw 
pitch and internal threads with second screw pitch, the external 
threads engaged within the threaded bore of connector member; and 

an irrotational ferrule holder holding the fiber therewith and extending 
axially in the stationary housing and the rotatable tubular knob, said 
ferrule holder providing external threads engaged with the internal 
threads of the knob; wherein 

rotation of the knob results in an axial linear displacement of said 
ferrule holder with an amount being a difference between the first 
screw pitch and the second screw pitch. 
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I 

ABSTRACT OF THE DISCLOSURE 

A variable attenuator assembly (1) includes a variable attenuating 
connector (VAC) (11), a coupling sleeve (12), and a second plug-type 
connector (13). The VAC includes a housing (20) and an attached double 
screw mechanism (110). The double screw mechanism is finely adjustable 
because it uses an adjusting knob (40) having a set of external threads (401) 
and a set of internal threads (402) with two different screw pitches. The 
external threads engage with an internally threaded bore (303) of a 
connecting nut (30) attached to the housing. The internal threads engage 
with outer threading (602) on a ferrule holder (60) received in the adjusting 
knob. When the adjusting knob is rotated, the knob moves in one direction, 
and the ferrule holder is moved in the opposite direction, the total distance of 
ferrule holder movement relative to the housing being proportional to the 
difference between the screw pitches. 
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